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BECONOMIC RECOVERY LIMITS FOR K-1420 RECOVERY PROCESS

As a result of various decontamination, process, laboratory, and develop-

‘ment activities at the K-25 plant, material is obtained which is contami-

pated with uranium. If the value of the contained uranium or the material
with vhich it is associated is high enough with respect to recovery costs,
the uranium is recovered from the material.

With the advent of the current plant expansion program vhich began in
1950, the work load for recovering uranium became excessive with the then
existing facilities. This expansion program has created the need for
enlarged decontamination facilities plus a more efficient and higher
capacity urenium recovery system. Hence, the K-1420 building was designed
and built to meet this need. A description of this recovery system with
the cost of recovery at various uranium concentrations is presented below.

The approach used herein for determining the economic material recovery
limits is based on a standard total contaminated material quantity through-
put per day for operating costs without respect to uranium content. In
considering these economic recovery limits by dollar value, it is to be
emphasized that the original K-1420 building design covered discard limits
of two parts per million uranium or less, which resulted in low flow
systems and the provision for "always-safe"” geometry or batch handling
operations. Additionally, the contaminated materials being processed are
high in miscellaneous impurity because of the nature of the equipment

. undergoing decontemination and the varying source of contaminated materials.
Every type of impure material which contains uranium in the solid or liguid
state and which originates anywhere in the K-25 plant is processed for
recovery in the K-1420 recovery system if the worth of the contained
uranium is sufficient to make such a recovery economically feasible.

S0l1ds which contain uranium are fed into a dissolver where they are dis-
solved with nitric acid. The capacity of this dissolver is T50 galloms.

The quantity of acid required for this dissolving process will vary,
depending upon the solid being dissolved. For this report, alumina (A1003)
_ was used as a representative solid. A quantity of 0.55 gallons of 60% ‘
pitric ecid is required to dissolve one pound of alumina. Hence, a quantity
of 1,200 pounds solid, using 660 gallons of nitric acid, could be dissolved
on a batch basis. Each solution batch is sampled for uranium and uranium-
235 content. Aby undissolved solids in the resulting mixture are filtered
and the filtrate is pumped to storage tanks. Impure solutions from other
sources are also fed through the dissolver to these storage tanks. If the
. urepium concentration of the solution in the storage tanks is less than the
optimm concentration (25 g. U/1.) desirable for the extraction operationm,

the solution is fed to pre-extraction evaporators where it is evaporated
up to that concentration.

This recovery system contains two pre-evaporators whose feed rate capacity
is 35 gallons per hour each with a vaporization rate of 31.5 gallons per

hour each. Hence, the recovery system is limited by the capacity of these
two pre-evaporators for solutions whose concentrations are below 25 greams



urenium -per liter. A quantity of 1,680 gallons may be processed through
the pre-evaporators on a 2i-hour per day basis. The heat load for -each of
these pre-evaporators is 299,000 BTU per hour, necessitating a steam
requirement of approximately 15,000 pounds per ok -hour day.

3olutions whose concentrations are 25 grams uranium per liter or higher by-
pass the pre-evaporators and pass directly to the extraction system as do
the asbove-mentioned solutions after having been pre-evaporated up to that
concentration. However, while the solution is still in the pre-evaporation
stage and before it is fed to the extraction system, a sufficient amount
of 60% pnitric acid is added to insure that the nitric acid concentration

in the solution after the first eveporation step 1s 3.5 N, After the
solution has passed to the extraction system, the uranium is extracted
from the impure solution with solvent (TBP). No change in uranium concen-
tration is effected in this step. The gsolvent containing the purified
urepium is sent to the stripping or back-out columns which remove the
urapium from the solvent with water. The limiting factors in the extrac-
tion system are the continuous. Iiquid-liquid extraction columns, whose
capacity is 1,200 gallons per 24 -hour day.

The resulting uranium water solution from the stripping cclumns is fed to
other post-extraction evaporators which further concentrate the solution
to 500 grams uranium per liter. These three post-evaporators have a feed
rate capacity of 25 gallons per hour, or.-a total capacity of 1,800 gallonms
per 2h-hour day. Hence, there is no limiting capacity in this step as
related to the other stages of the recovery process. The heat load re-
guirement for each post-evaporator is 173 ,000 BTU per hour, or a steanm
requirement of 4,280 pounds per day.

After concentrating the solutiom to 500 grams uranium per liter, it is fed
%0 a drum drier where the remaining free water and excess nitric acid are
removed, leaving uranyl nitrate powder {UNHE). The input capacity of the
drum drier is 1.25 gallons per hour with an output of k4.05 pounds UNH per
hour. The system contains three drum driers with a total capacity of
approximately 292 pounds URH per oh-hour day.

This UNH is then fed to a celciner in vhich the powder is transformed to

 uranium oxide (Uz0g + UO3). The capacity of & calciner is 8.1 pounds
oxide per hour. ~The uranium oxide is then ground to a powder in a rod
mill, weighed, and sampled.

The oxide is trapsferred to the oxide fluorination area in K-1k20. A
charge of approxina.tely 8 kilograms of oxide. is weighed in the charge
cylinder. The material is dried in a heated screw conveyer for approxi-

. mately 5 hours, and charged to a reactor where it is fluorinated to UFg
over a period of another 5 hours. The gaseous UFg is cold trapped into
cylinders which become available for feeding to the cascade. The cylinders
are veighed and sampled. Caustic solution is used to. react with any gaseous
UFg which is not trapped out in the cylinders. The ceustic solution is
measured, sampled, and transferred back to the recovery system. Fluorina-
tion costs at K-1420 were calculated to be $25 per kilogram uranium plus
$1.83 per kilogram uranium for depreciation of equipment. Material at an
assay less than 1% can be more economically fluorinated at K-1131. The
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cost thezem calculated to be $1.40 per kilogram uranium including de-
preciatien.

The recovery system in K-1420 is made up of three separate lines or
systems: (1) mixer-settler system, (2) "A" continuous recovery system,
and (3) "B" continuous recovery system. However, the mixer-settler system
is used exclusively for the K-1420 decontamination process. Hence, for
this report, only the two remaining systems are comsidered with respeet to
capacities and costs.

The economic recovery limits for contaminated solids are shown in figure 1,
and for contaminated solutions in figure 2. It will be noted that a dis-
continuity exists in each figure at the 1% assay level. The reason for
this is that the assumption has been made that oxide produced from the
recovery system having an assay less than 1% may be more economically
fluorinated in the feed manufacturing plant (building K-1131), while that
above 1% must be fluorinated to UFg in the fluorination area of the K-1420
building. Processing costs for the various phases of the recovery opera-
tion are included in tabular form as follows: Table 1 represents the dis-
solving costs for solids at various uranium concentrations; table 2 shows
the recovery costs from solutions to oxide also at various uranium coneen-
trations; apnd table 3 gives the fluorination costs when below 1% (K-1131
building) and above 1% (K-1420 building). Salvage quantities presently on
hand awaiting recovery, together with estimated future accumulation rates,

- are shown in table 4. Also in this table are included the economically
recoverable quantities on hand and in future gemeration as determined by
the criteria of figures 1 and 2; the number of required containers and esti-
mated cost of storage are shown for those quantities vhich are not economi-
cally recoverable.

The following standard costs on a daily basis were calculated as shown
Belows

Labor: The man-hours of labor per 2i-hour day were estimated to be 12°
hours per batch for dissolving solids. Two batches of 750 gallons cab be
run per day. The labor for all other processes in recovery from solutions
to oxide was assigned at 92 man-hours, and 24 man-hours for fluorination
from oxide to UFg. : ' : :

Overhead: Overhead was calculated at the present normel plant figure of
533. of ‘direct labor.

Depreciation: Depreciation for the recovery system was figured ona
‘capital investment of $1,850,000 to be amortized on & 20-year basis. A’
capital investment of $600,000 to be emortized over the same period of
time was used for the fluorination system. ‘

Maintepance: Maintenance (lsbor and materials) was calculated in aceord-
ance with recent experience and in line with budget estimates.

‘Stea:n Cost: The steam requirement was calculated by using the heat load
of the various evaporators, driers, calciners, and dissolvers as & ‘basig.
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The steem requirement was then applied to an average steam cost of $0.6h
per 1,000 pounds to determine the total steam cost on & 24 -hour per day
basis. ' :

Acid Cost: Nitric acid is used in two instances in the recovery system

as follows: (1) dissolving solids and (2) maintaining normality of solu-
tion at 3.5 N bvefore entering extraction system. The quantity of aecid
needed for dissolving solids was calculated at 0.55 gallons per pound
golid. The quantity of acid required ip maintaining normality at 3.5 N
was that quantity which was =sdded to solution at initial concentration
before eveporation which permitted solution after evaporation to have a
pitric acid concentration of 3.5 N. An average price of $0.327 per gallon
wes applied to the total daily nitric acid usage-

Sampling Cost: A sample was taken for each batch of 750 gallons of initial
Solution at & calculated cost of $18.50 per sample. One sample was teken
for each container of oxide (9,500 grams) at a cost of $23.50 per sample.
One sample was taken for each cylinder of UFg (15 kilograms) at a cost of
$20.50 per sample. Also included in sampling costs is the daily cost of
maintaining e Process Control Sampling Laboratory in K-1420 which was cal-
culated to be $128.10. These sampling costs were combined and expressed
on a per kilogram basis.
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© SOLIDS TO SOLUTION
: cw?ét?iztion, D138°1"1°L°8“ $/Xg. U COnizimot:on,
- Grens U/Gran ‘Direct Labor Overhead ENOx - Total PEM
0.00001% 3,842.52  3,765.00 28,322.80 35,9%0.M 3
i 0,000023 2,338.66 2,291.89 17,e38.02 21.86857 5
q.‘poqous- ” -;,_169.53 1,1k5.9k . 8,619.01 ;’o,95kga_6 | #O
0.000230 233,88 29.20 L7239 2,802 %0
*0,000k59 11720 114.86  863.83 1,095.89 190
.001148 v6.86 Ms.92 5.8 k386 250
0.00230 3.3 22.92  172.%9 218.70 500
0.00855 w2 ke 6B 10959 1,000
0.00918 5.86 s 39 ST 2,00
0.0157T 384 376 #3639 300
°°25° e 25" 2.29 17.25 2.8 5,000
0.0k59 147 1.15 8.60 1096 10,000
0.0688 o8 076 56 T30 15,000
0.2348 7 | é-'.'_t'_f 0.46 3h5 LIS - 25,000

lctea '.!hc upcxty of the dissolver is T50 aallonu per batch or approxtu}gly

1,200 pounds #0lids.
e capacity of the dissolver is a.pwoximtely T
, por mth at asseys be;.ov zﬁ--

Righer assays a.re

Two batches can be processed per

oh-nour day.
2,000 pounds of solids
limited by cri.tiedl
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" "Uranium-235 Assay.

Belowyl$. (K-1131) . -

Avove 1% (K-1420)
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TABLE 3
FLUORIFATION COST

Fluorination Cost,

$/kg- U

i EA) 3o e
peug SEREELED.
-~ it

Depreciation,
$/Kg. U

1.15

25,00

o

Q.35

0.25

1.83

The capacity of the K- 1hzo fluorination system for material‘ above
.]& assay is 45 kilograms per 24-hour-day. &
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